The relationships between the annual variability of the Aleppo pine tree-ring widths and the variability of the main climatic parameters in the Attica basin are analysed in the present study for a 45-year period (1959-2003). The Principal Components Analysis was applied to the times-series of the tree-rings indices (12 populations) as well as to the residual timeseries of the monthly precipitation, maximum and minimum temperatures derived from 5 meteorological stations located in the study region. The results showed that the 64% of the total variance of the tree-rings of the Aleppo pine could be attributed to the common variability of the climatic parameters: for precipitation with 82.6%, for minimum temperature with 88.2% and for maximum temperature with 88.5% of the total variance of each parameter. Characteristic narrow and wide tree-rings were observed during the hydrological years with extreme rainfall or temperature conditions. Finally the study of the climategrowth links, on a local basis, showed that the growth of the Aleppo pine is related positively (positive correlations) with the winter and spring precipitations. On the other hand negative correlations were found with the temperatures of the spring months.
INTRODUCTION
Climate is one of the most important factors that influence, among others factors (physiographic, edaphic, biotic) the vegetation growth and distribution (Quezel, 1974; Critchfield, 1983; Kutiel et al., 2000) . The most distinctive effect of the climate to the tree growth is the one observed to the width of the annual tree rings. According to Fritts (1976) , the tree-ring width is the final result of the interaction of complex internal and environmental factors among which the climate plays a prevailing role. The examination and the analysis of the effects of the climatic factors to the width growth of the trees, is the main field of interest of dendroclimatology, which is a sub-branch of dendroecology, the science of dendrochronology (Fritts, 1976; Schweingruber, 1988; 1996; Kaennel and Schweingruber, 1995) . Aleppo pine is the main tree species in the Attica Basin. Its presence all over the basin as well as the presence of stands and old trees renders it an ideal species for the identification and the analysis of the climate to annual tree rings relationship in the study area. Aleppo pine, a species of high adaptive capacity in different Mediterranean climatic -edaphic environments (Barbero et al., 1998) , has been the subject of several dendroecological a dendroclimatological studies in many Mediterranean regions (Lev-Yadun et al., 1981; SerreBachet, 1985; 1992; Mokrim, 1989; Safer, 1994; Nicault, 1999; Touchan and Hughes, 1999; Rathgeber et al., 2003) including Greece (Papadopoulos, 1993; Papadopoulos et al., 2001; 2006) . From the aforementioned studies it appears that the climatic conditions play an important role in the annual tree-rings width variability and visual characteristics (narrow or wide rings, discolored rings, wide latewood). It should also be mentioned that there have been several studies on the analysis of the variability of the main meteorological parameters and of the climate in general of the study area (Athens), (Katsoulis and Kambetzidis, 1989; Bartzokas and Metaxas, 1995; Philandras et al., 1999; Founda et al., 2004) . In most of them, rainfall and temperature variability is interpreted by examining the relationships of these parameters with the general circulation of the atmosphere and other geographical or local factors. However, the Attica basin has not been examined systematically from the dendroclimatological point of view. The only exception is the study of Margiolopoulos (1962) , which analysed the 35-year circles of the rainy periods of Bruckner, during the ancient times, in comparison with successive tree -ring series found on pieces of cypress wood (Cupressus sempervirens) at the archeological area of the Parthenon. The objective of the present study is the analysis and the connection over time and space of the variability of the Aleppo pine tree-rings width and the variability of the main climatological factors (precipitation, maximum and minimum temperature) at the Attica Basin for the last 45 years. The study also aims at the identification of the relationships between the tree-ring width and the climatological conditions as well as at the correlation of the extreme events with the presents of characteristic narrow or wide tree-rings. Finally, a first attempt is made to investigate, on a local scale, the relations of the ring growth and climate.
DATA AND METHODS

Dendrochronological data and methods
The dendrochronological data employed in this study, were derived from the analysis and the measurement of the annual tree-ring widths from 12 different locations of urban and suburban Aleppo pine forests or stands over the Attica basin. From hereafter they will be mentioned as Aleppo pine populations ( Figure  1 ). In each region, and based on dendrochronological criteria (Fritts, 1976; Schweingruber, 1988) two core samples were extracted with an increment borer at breast height (1.3 m) from opposite sides of each tree, and in total 10-37 cores per region. The cores were prepared in a way that the treerings would be as distinct as possible and they were dated using the cross dating method following the classical processes (Fritts, 1976; Schweingruber, 1996) . Afterwards the widths of the tree-rings were measured with an approximation of 0.01mm using the WinDendro system (Régant, 2001) , and were subsequently transformed into indices. From the chronology indices of each population, a mean time-series of indices was constructed. The transformation of the original data to indices was firstly done by applying a high-pass filter with a 20-year window, in order to eliminate low frequency trends. Secondly, an index was calculated by dividing the actual tree-ring width by the curve-fit value (Guiot, 1990 ). This process is necessary a) for the elimination of the tree-ring width decrease due to tree aging and b) in order to reinforce the climate signal in the tree-rings (Fritts, 1976; Cook et al., 1989) . Table 1 summarizes the geographical characteristics of the populations as well as the equivalent characteristics of the annual tree-ring time-series. Using the software GALCPC (Guiot, 1992) , the Principal Component Analysis (PCA) based on the correlation matrix and the criterion PVP, was employed to the data of the 12 mean time-series of the tree-ring indices, for the common period 1959-2003. The matrix used had a dimension of 12x45, where 12 are the variables and 45 are the observations. The PCA was applied for the grouping of the Aleppo pine populations of similar growth pattern as well as for the determination of possible differences in the chronologies caused by the local climate characteristics of the stations. For each of the principal components that account the greatest percentage of the total variability, a set of the principal loadings and scores was calculated and analysed.
Climatological Data and Methods
The data used in the study are monthly precipitation, maximum and minimum temperature time-series, derived from 5 meteorological stations over the Attica basin, covering the time period of hydrological years from 1958-59 to 2002-03. The geographical characteristics and the number of observations of each station are presented in Table 2 . All these data were provided from the National Meteorological Service and the National Observatory of Athens. The monthly data were preferred since they are most commonly used in dendroclimatological applications and studies, in order to estimate and analyze the relationships between the climate and the growth of the tree-rings (Fritts, 1976) . Also, the data series were checked for homogeneity with the aid of the Alexandersson (1986) homogeneity test for each station separately. The station of NOA (National Observatory of Athens) was selected as the reference time series, since it satisfies all the necessary criteria (i.e. no changes of instruments and observing practices). According to the results of the test the data of all the stations were found to be homogeneous. Rainfall and temperature are two of the main meteorological factors that influence the climate in the study area (Bartzokas and Metaxas, 1995) . Also, they have a great biological value for the analysis of the relations between the climate and the examined tree-rings growth (Fritts 1976; Schweingruber, 1988) . The hydrological year was defined as a period of 12 months, from the October of the previous year to the September of the next year. This period is the most widely used for dendroclimatological and dendrocroecological purposes in the Mediterranean region (Berger et al., 1979; Serre-Bachet, 1985; Schweingruber, 1988; Garfi, 2000) . A small number of missing values found in some of the time-series were completed using a statistical process which is essential for the analysis of the variability of the climatic parameters (Guiot, 1986) and which is based on multiple regressions. The software used was CALMRG (Guiot, 1990) . The regression was applied separately to each of the three data matrices (dim. 5x 540), where 5 is the number of stations and 540 is the number of the monthly observations for precipitation maximum and minimum temperature respectively, for the hydrological years from 1958-59 to 2002-03. The estimation of the validity of the computation of the missing values is significant at a level of 99.9%. The estimation error is very small and concerns only a very small number of observations (0.012-0.039%) which does not influence the quality of the used data. Moreover, in order to eliminate the influence of the seasonality of the data to the correlation of the variables, the observations were transformed into residual values, by computing the deviations of the monthly values from the monthly average of all the hydrological years. Principal component analysis was applied to the new matrices of these residual values, for each climatic parameter separately, with the same method that was employed to the treering data (Guiot, 1990) . This is a widely used method for the study of the annual variability of the Mediterranean climate (Maheras, 1981; Guiot, 1986; Papadopoulos, 1994; Xoplaki et al., 1998; Maheras et al., 1999) . Finally, a primer trend analysis of the monthly temperature and precipitation data by applying the Mann -Kendal test, showed that both the maximum and the minimum temperatures presented a decreasing trend (not statistically significant) generally from the end of the 70' until the beginning of the 90'. Afterwards the temperature data presented an increasing trend (more intense in the case of the maximum values), which lasts until the end of the examined period. This positive trend is statistically significant (at a level of 0.05) mainly for the summer maximum temperatures. Concerning precipitation, it could be mentioned that the winter and autumn rainfall totals of all the stations presented a negative trend (decrease) approximately from the end of the 80' until 2003. Due to space limitations the aforementioned results are not shown in the present paper.
Relationships between the climatic data and the tree-ring widths.
The tree-ring data were correlated separately with each one of the climatic parameters for each month. This correlation was made between the first principal component (PC1) scores, of the tree-rings and the PC1 scores of precipitation, maximum and minimum temperature, for each month of the defined hydrological years. The use of the PCA scores aims at defining the existing relationship between the tree-ring growth of the 12 Aleppo pine populations and the local climate described by the selected parameters (Prec, Tmax, Tmin) from the 5 stations under study. On a final step of the study, the years with characteristically narrow or wide tree-rings were analyzed in comparison to the scores profile of the precipitation, Tmax and Tmin of the equivalent years that these rings had been observed.
RESULTS
Dendrochronological Analysis
After the application of the unrotated Principal Component Analysis (PCA) to the 12 main time-series of the annual tree-ring indices, it was found that the first PC (PC1) was associated with the highest percentage of the total variance (64%) and it was further analyzed. The other PCs account much smaller percentages of the total variance, representing particular minor factors that may influence the tree growth, which are difficult to be interpreted and explained (Table 3) . More specifically, the first principal component represents the common tree-rings width variability, for the total number of the time-series. The weighting coefficients (component loadings) for the first principal component provide useful information about similarities among the chronologies of Aleppo pine populations (not shown). This variance could be attributed to the influence of all climatic parameters to the tree growth of the 12 populations of the Aleppo pine in the Attica basin. This climatic effect is additionally evidenced by the high mean sensitivity values of the tree-ring width time-series of the area (Papadopoulos et al., 2006) . From a previous study on the same tree species over the continental Greece, the percentage of this common variance reached the value of 42% (Papadopoulos, 1994) . The correlation coefficients among the populations are quite high and vary from 0.44 to 0.79. Conversely, the station correlation is random and does not seem to depend on geographical or other station factors that characterize or influence the tree populations. The most characteristic tree-rings were found at the following years: a) Narrow tree-rings: 2000 , 1990 , 2001 , 1993 , 1968 , 1977 and 1975 , b) Wide tree-rings: 1972 , 1984 , 1980 , 1964 . The score time-series presents a small, not-statistical significant decreasing trend of the treerings width (R 2 = 0.0026), which could be the result of the intense negative deviations (very narrow tree-rings) during the years 1999-2001. 1959 1961 1963 1965 1967 1969 1971 1973 1975 1977 1979 1981 1983 1985 1987 1989 1991 1993 1995 1997 1999 2001 2003 Year of tree-ring formation
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Figure 2: The PC1 scores for the 12 Aleppo pine populations derived from the application of the principal component analysis to the annual tree-ring indices. The trend line is also shown
Climatological analysis
From the analysis of the PCA results on the residual values of precipitation, Tmax and Tmin, the first two principal components were retained due to the fact that they account for the largest percentage of the total variance (Table 4) . The other PCs were not analyzed in the study since their percentage of variance is very small. Especially the PC1, which accounts for the 82.6% of the variance, measures the common homogeneous variability of the monthly precipitation totals of the 5 stations. The PC2, with a percentage of 7.7%, represents the gradients of precipitation from north to south, the direction to high the rainfall totals decrease (not shown).
Moreover, from the analysis of the annual variability of the monthly time-series of the scores, it was found that there are some years with significant deviations for the monthly mean (not shown). Suggestively, great positive deviation (precipitation increase) was observed mainly during winter and spring months of the hydrological years 2002-03, 1993-94, 1983-84 and 1971-72 . Conversely, significant negative deviations (precipitation decrease) were observed during the winter and spring months of the hydrological years 2000-01, 1999-00, 1989-90 and 1976-77 . From the computation of the linear trends of the monthly data, showed that the time-series do not present statistical significant trends during the study period (R 2 =0-0.05), (Figure 3) . Similar results were derived from the study of Katsoulis and Kambetzidis (1989) on the annual precipitations of the National Observatory of Athens. Mean minimum and maximum temperature: As in the case of precipitation, the correlations among the stations both for Tmin and Tmax are very high, and the correlation coefficients range from 0.76 to 0.90 and from 0.74 to 0.92 respectively. The greatest values were observed among the neighboring stations and the smallest ones between the station of Tatoi and stations remote from it. The first two PCs account for the 93.3% of the total variance of the mean minimum temperature and 94.1% of the mean maximum temperature. More specifically the PC1 which is associated to the 88.2% and 88.5% of the total variance of the Tmin and Tmax correspondingly, measures the common homogeneous variability of the temperature in the 5 stations under study. The second principal component (PC2) that explains the 5.1% (Tmin) and 5.6% (Tmax) of the total variance represents the increase of temperature with a gradient from north to south (not shown), where the altitude of the stations plays also an important role for this distribution. On a next step, the monthly time-series of the scores of Tmin and Tmax were analyzed for the hydrological years 1958-59 and 2002-03, but due to spate limitations the equivalent figures were not included in the study. From the analysis of the annual variability of the examined time-series it was found that there are some years that present significant deviations from the monthly average. High positive deviations (high temperatures) were observed mainly during the spring and summer months (i.e. the hydrological years 2000-01, 2001-02 and 1999-00) . On the other hand, intense negative deviations (low temperatures) were observed generally during the winter months (hydrological years 1979-80, 1983-84 and 1963-64) . The analysis also showed that the minimum temperatures do not present statistically significant trend (R 2 = 0 to 0.08), while for the maximum temperatures, the months of June (R 2 = 0.556, P<0.05) and July (R 2 = 0.452, P<0,05) presented statistically significant positive trends. Generally, this increasing trend is more intense during the period from May to August and it is more significant from the mean maximum temperatures than the minimum ones. This could be interpreted taking into account the thermal urban effect in the city of Athens (Philandras et al., 1999; Kabetzidis, 2005) . Besides, generally in Greece, the mean maximum temperatures present more significant extreme values than the mean minimum temperatures (Xoplaki et al., 2003) . It is also worth noticing that this increasing trend is more intense during the summer months of the last decade. According to Founda et al. (2004) , the summers of 2001, 2000 and 1999 were the warmest ones ever recorded in the city of Athens for the time period from 1897 to 2001. Relationships between the climate parameters and the tree-rings: The results from the correlations between the PCA scores of the tree-ring widths of the 12 Aleppo pine populations and the PCA scores of the monthly precipitation, maximum and minimum temperatures are presented in Figure 3 . From their analysis yields that the tree-ring widths show a weak positive correlation with the winter precipitation that precedes the formation of the tree-ring. A positive correlation was also found with the March rainfall of the same year of the formation of the tree-ring. Conversely, negative are the correlations with the mean minimum and maximum temperatures of Mars and April (Figure 3 ).
Aiming at a more detailed analysis of the role of the climatic parameters to the formation of the tree-rings, the hydrological years with the most narrow and the widest rings were chosen in order to examine their precipitation and Tmax and Tmin principal component scores. The hydrological year 1999-00 (the most narrow tree-ring) presented a significant decrease of the winter, spring and summer rainfall totals, while it had high temperatures during the spring and summer period (Figure 4a ). The decrease of precipitation before and during the growing period and the high spring and summer temperatures result to the formation of a narrow treering. For the hydrological year 1971-72 (wide tree-ring of 1972), high precipitation totals and low maximum temperatures were found during the spring and summer months. This type of climate conditions favors the widening of the tree-rings (Figure 4b ). -1971 Nov-1971 Dec-1971 Jan-1972 Feb-1972 Mar-1972 Apr-1972 Mai-1972 Jun-1972 Jul-1972 Aou-1972 Sep-1972 Generally, in Greece, the tree-ring width of Aleppo pine is positively correlated with the winter (Dec -Jan) and spring (April -May) precipitation, while negative correlations are noted with the spring temperatures ).
CONCLUSIONS AND DISCUSSION
The Aleppo pine tree-rings widths in the Attica basin portray in a high percentage (64% of the total variance), a homogeneous variability that could be interpreted as the common influence of the climate to the increase of the tree-rings widths. The percentage of this common variance could increase with the appropriate selection of the time-series of the trees that compose the mean time-series, as a consequence of minimization of the nonclimatic signal that these tree-rings present.
The variability of the climatic data is not so significant in order to explain a differentiation of the tree-ring trends during the study period . However, an increase of the extreme narrow tree-rings occurrence frequency could be observed, due to temperature increase and especially of the maximum temperatures during the spring and summer months. A small decrease of winter and summer rainfall might also have contributed to this direction (extreme narrow tree-rings).
Winter precipitation that precedes to the formation phase of the tree-rings as well as the spring rainfall totals that coincide to the beginning of the tree-ring growth, play a prevailing role to their development. On the other hand the high spring temperatures have the opposite result. The positive result of the winter precipitation could be attributed to the water storage into the soil for use during the growing period. Moreover, the spring precipitation could attribute to the increased water demands for the various physiological processes such as the intense cambium reactivation and growth release after winter dormancy. Regarding temperature, the inverse relationship observed during spring could be interpreted in connection with the positive relations with precipitation and the evapotranspiration process. Similar relationships were observed for Aleppo pine in other regions of Greece as well as in other Mediterranean countries (Serre, 1976; Lev-Yadun et al., 1981; Safar, 1994) . The wide tree-rings were observed in hydrological years that present high rainfall totals during winter and spring. Contrarily the narrow tree-rings were found in years that are characterized with an intense precipitation decrease and very high temperatures during the growing period (March -September) as well as a decrease of precipitation during the winter just before the growing period. Based on the above mentioned results, this climate effect on tree-ring width of Aleppo pine may be generalized for other areas of the species distribution in Greece.
The examination and the analysis of the relationships between the local climate parameters and the Aleppo pine tree-ring increase in the Attica basin could be the basis for a future more detailed and thorough statistical investigation of the climate-growth links. The present study could contribute to the dendroclimatological research as well as to the reconstruction of the climate parameters, which has been the subject of several studies during the last years in the eastern Mediterranean employing long tree-ring timeseries of the region (Hughes et al., 2001; Akkemik and Aras, 2005; Touchan et al., 2005) . Such information on long-term records of tree growth under natural environmental conditions, could contribute to our knowledge of the possible impacts of climate change on forests dynamics and productivity.
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